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(57) Abstract 

A composite battery (600) and a method for forming the battery (600) are provided. The battery (600) is 
an electtode layer (108. 1 10) with an electrolyte layer (104. 106) into a stack (400) and by compressing the stack (400) to thin each layer. 
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COMPOSITE BATTERY AND METHOD FOR FORMING SAME 

Technical Field 

This invention relates in general to composite batteries, and more 
particularly, to composite batteries using stacked electrochemical cells. 

Background of the Invention 

■C^mffii&-}5mmr~tt&&ffi&Sfo2 techniques typically involve 
the fabrication of individual electrode and electrolyte layers which are 
combined to form electrochemical cells. Recently, cells have been formed 
using solid-state technology to provide a longer service life, relatively high 
energy densities, and higher discharge and recharge rates. For example, 
a typical cell may have a lithium anode, an oxide cathode, and a polymer 
electrolyte. Generally, the electrodes and electrolytes are formed using 
layers in a stacked arrangement for convenience in manufacturing. 
Additionally, various attempts have been made to increase charge 
densities, and discharge and recharge rates to produce a more flexible and 
efficient battery. 

One known method of increasing charge density and discharge rates 
in a typical lithium solid-state battery is to reduce the thickness of 
individual layers of electrodes and electrolytes. However, using current 
manufacturing techniques, the reduction in layer thickness has 
limitations. For example, using extrusion or rolling, a lithium metal anode 
can achieve a thickness of 20-50 microns. A polymer film electrolyte can 
be formed with a thickness of 10-20 microns using a blown film or cast film 
process. An oxide cathode having a thickness of 50-100 microns can be 
achieved using a tape casting process. However, at these thicknesses, the 
individual layers are difficult to handle and may be expensive to use in 
manufacturing. 

It is desirable to produce solid state electrochemical cells with very 
thin layers of electrodes and electrolytes, to shorten the separation 
between electrodes, and to achieve a higher electrolyte surface area. 
Current approaches to forming thin layers, such as vacuum deposition 
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techniques, or by combining thin layers as described above, result in high 
manufacturing costs. Therefore, it is desirable to have an electrochemical 
cell or a battery constructed therefrom, which utilizes a less expensive 
manufacturing process. 

Brief Description of the Drawings 

FIG. 1 is a cell stack in accordance with the present invention. 
• FIG. 2 is a process for compressing the cell stack, in accordance with 

the present invention. 

FIG. 3 is a process for combining cell stacks to form a battery, in 
accordance with the present invention. 

FIG. 4 is a staggered cell stack in accordance with the present 

mvention. 

FIG. 5 is a compressed staggered cell stack, in accordance with the 

present invention. 

FIG. 6 is a composite battery made up of multiple staggered cell 
stacks, in accordance with the present invention. 

Detailed Description of the Preferred Embodiment 

While the specification concludes with claims defining the features 
of the invention that are regarded as novel, it is believed that the 
invention will be better understood from a consideration of the following 
description in conjunction with the drawing figures, in which like 
reference numerals are carried forward. 

Generally, the present invention provides a composite battery and a 
method for forming the battery. The battery comprises stacked layers of 
electrodes and electrolytes which are compressed to provide substantially 
thin individual layers. In another embodiment, a staggered stack is used 
to provide electrical interconnection between multiple cell stacks, thereby 
facilitating the formation of a battery. 

Referring now to FIG. 1, a cell stack 100 is shown in accordance 
with the present invention. The cell stack 100 includes layers of electrodes 
108, 110 and electrolytes 104, 106 which are stacked together to form a 
composite structure 100 having first and second opposing surfaces 101, 
102. Preferably, the cell stack 100 has an electrolyte layer disposed 
between electrode layers of opposing polarities. Thus, in the preferred 
embodiment, there is at least an anode layer 108, a cathode layer 110, and 
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an electrolyte layer 104 interposed between the anode and cathode layers 
108, 110, thereby forming an electrochemical cell. Moreover, a second 
electrolyte layer 106 is formed as an outer layer to one of the electrode 
layers 110 to facilitate the combination of multiple stacks. The four layer 
structure 100 is laminated to hold the layers together. Although the cell 
stack 100 of the preferred embodiment has a particular configuration of 
electrode and electrolyte layers, numerous variations of layer combinations 
are possible while incorporating the concepts taught by the present 
invention. 

In the present invention, the cell stack 100 is formed to have layers 
with specific mechanical properties. Each layer responds to a compressive 

stack, by extruding in a direction perpendicular to the force. Significantly, 
each layer should thin proportionally, while retaining its electrochemical 
properties. Preferably, each layer responds, substantially similarly, to 
thermal and mechanical forces applied to the cell stack 100. The 
dimensions of each layer can vary to account for differences in expected 
responses to compressive forces. The layers should maintain structural 
integrity after being compressed so that electrodes of opposing polarities 
remain separated from each other. In the preferred embodiment, the 
compositions of the electrolyte and electrode layers are chosen such that 
the layers have substantially similar responses to compressive forces 
applied to the cell stack 100. 

The electrodes 108, 110 contain a solid active material (LiNi02 - 
cathode, Graphite - anode), in powdered form, in addition to an ionically 
conducting polymeric phase, which acts as a binder. Additionally, the 
cathode contains carbon black which increases the electrical conductivity. 
The composition of the cathode layer 110 comprises: 3.1% lithium imide, 
13.5% copolymer of vinylidene fluoride (VDF) and tetrafluroethylene 
(TFE), commercially available as Elf Atochem Kynar 7201; 6.7% ethylene 
carbonate; 6.7% propylene carbonate; 62.0% lithium nickel oxide; 8.0% 
carbon black. The composition of the anode layer 108 comprises: 5.2% 
lithium imide; 22.4% copolymer of VDF and TFE; 11.2% ethylene 
carbonate; 11.2% propylene carbonate; 50.0% graphite, commercially 
available as Lonza, KS-15. The electrolyte layer 104, 106 includes an 
ionically conductive polymer, which is filled with an inert solid powder so 
that its mechanical properties are similar to the electrode layers. The 
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composition of the electrolyte comprises: 3.5% lithium imide; 15.0% 
copolymer of VDF and TFE; 7.5% ethylene carbonate; 7.5% propylene 
carbonate; 66.5% calcium oxide. 

" Referring to FIG. 2, a process for compressing a cell stack to achieve 
thin electrode and electrolyte layers is shown, in accordance with the 
present invention. The laminated cell stack 100 structure is compressed 
by applying a rolling process. Thus, the cell stack 100 is passed through 
rollers 202 to produce a thinner structure 220 having substantially thinner 
layers 204, 206, 208, 210. The compressed stack 220 can be repeatedly 
compressed to achieve even thinner structures. Note that the stack 100 
undergoes significant compression to substantially reduce its thickness 
aad-should-nGt be confused with-slight deformations-experienced during 
typical lamination processes. For example, a typical stack is fabricated 
with thick initial layers, i.e., greater than 100 microns. The thickness of 
the initial stack facilitates handling during the manufacturing process. 

FIG. 3 shows a process for combining cell stacks, in accordance with 
the present invention. Multiple cell stacks 302, 304 are combined, and a 
rolling process applied to compress the combined stack to form a thinner 
structure 320. Cell stacks 220 processed in the first compression step (see 
FIG. 2) can be combined and compressed again to thin each layer even 
more, thereby forming more compact cell stacks having multiple anode, 
electrolyte, cathode combinations. Again, additional cell stacks can be 
further combined by cell stacks can be combined and the rolling process 
repeated to produce a composite structure having several substantially 
thin layers of electrodes and electrolytes. Moreover, by electrically 
coupling the anode and cathode layers, a high density battery can be 
formed which has high charge and discharge rates. 

Referring to FIG. 4, a staggered cell stack 400 is shown in 
accordance with the present invention. The cell layers, i.e., the anode, 
cathode, and electrolyte layers 108, 110, 104, 106, are arranged to 
facilitate the electrical connection of multiple cell stacks to form a 
composite battery. In a preferred embodiment, the cell stack layers are 
arranged such that on a first end 415 of the stack 400, an end portion 409 
of the cathode layer 110 is recessed behind end portions 405 of two 
electrolyte layers 104, 106, which are themselves aligned. The end portion 
409 of the anode layer 108 on the first end 415 of the stack 400 extends 
beyond the end portion 405 of the electrolyte layers 104, 106. On a second 
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end 416 of the cell stack 400, the relationships between the end portions of 
the layers are reversed, such that an end portion 411 of the cathode layer 
110 protrudes beyond the other layers 104, 106, 108. FIG. 5 shows a 
compressed staggered cell stack 500, in accordance with the present 
invention. The cell stack 500 is compressed using a rolling process similar 
to that described above. As a result, the electrolyte layers 104, 106 merge 
at a first end 515 of the cell stack 500. Correspondingly, the anode layer 
108 has an extruding portion 509 at the first end 515 of the cell stack 500, 
while the cathode layer 110 has an extruding portion 511 at a second end 
516 of the cell stack 500. 

FIG. 6 is a composite battery 600 made up of multiple staggered cell 
stacks, in aTCordaHce with the-present invention. By:proper arrangement, 
electrical connections between cells may be formed simply by stacking the 
cell stacks appropriately. Multiple cell stacks 602, 604 are arranged such 
that the extruding portions 509, 609 of the anode layers from each cell are 
in electrical contact. Likewise, the extruding portions 511, 611 of the 
cathode layers of each cell are in electrical contact. The combination of cell 
stacks 600 are then compressed to farther reduce its overall thickness. 
The process of compressing also causes the extruding portions of the anode 
and cathode layers 509, 609, 511, 611 to merge, respectively. Thus, a 
battery can be made efficiently and inexpensively using cells formed 
accordingly to the present invention. 

The procedures for forming a composite battery, according to the 
present invention, are now summarized. A cell stack is provided having 
one or more electrode layers, and an electrolyte layer. Preferably, the cell 
stack comprises an electrolyte layer interposed between an anode layer 
and a cathode layer. Multiple cell stacks are combined to form a battery. 
In the preferred embodiment, the stack is formed by combining an anode 
layer, a cathode layer, and two electrolyte layers (one of which being 
disposed between the anode and cathode layers). Preferably the layers 
selected have substantially similar thermal and mechanical properties. 
Alternatively, the dimensions of the layers are selected such that 
compression of the layers will yield thinned layers of predictable 
dimensions. The cell stack is compressed, using a rolling process, to 
substantially thin each layer . In another embodiment the layers of the 
cell stack are arranged such that they have staggered end portions. The 
end portions are staggered such that when the cell stack is compressed, 
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layers of like compositions have portions that merge. Additionally, it is 
preferred that the cell layers are staggered such that combination of cell 
stacks have protruded portions of anode material at one end, and 
protruded portions of cathode at another end, such that when compressed 
these protruded portions are merged. Multiple staggered cell stacks are 
combined to establish electrical connections among the anode layers on the 
one hand, and electrical connections among the cathode layers on the other 
hand. 

The composite battery and method for forming the battery taught by 
the present invention provides several advantages. Electrochemical cells 
suitable for forming high density batteries can be created with very thin 
cell layers. The thin ceii iayers-enable-the-battery to'provide high charge 
densities and high discharge and recharge rates. Additionally, the cells 
can be created by a relatively simple and low-cost manufacturing process. 
By achieving a thin layer electrolyte design, the performance specifications 
for the electrolyte can be relaxed, i.e., a poorer performing electrolyte can 
be used. One of the biggest challenges in developing a solid state polymer 
battery is attaining sufficient conductivity in a polymer. A cell constructed 
according to the present invention provides a short path length between 
the electrodes of opposing polarities by providing an electrolyte having a 
substantially thin structure. This enables electrolytes having a low 
conductivity to be used. 

While the preferred embodiments of the invention have been 
illustrated and described, it will be clear that the invention is not so 
limited. Numerous modifications, changes, variations, substitutions and 
equivalents will occur to those skilled in the art without departing from 
the spirit and scope of the present invention as defined by the appended 
claims. 



What is claimed is: 
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Claims 

1. A method for forming a composite battery, comprising the steps 

providing an electrode layer; 
providing an electrolyte layer, 

forming a first stack by combining the electrode layer and the 

electrolyte layer; and 
compressing the first stack to thin, each layer. 

2. The method of claim 1, wherein the step of compressing the first 
stack, comprises rthe step of appiymg a romng process to^hia the layers oi 

the first stack. 

3. The method of claim 1, further comprising the steps of: 
forming a second stack comprising an electrode layer and an 

electrolyte layer, 
combining the first and second stacks; and 
compressing the first and second stacks to thin each layer of the 

first and second stacks. 
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4. A method for forming a composite battery, comprising the steps 

of: 

forming a stack, comprising the steps: 

providing first and second electrode layers having opposing 
polarities; 

providing first and second electrolyte layers; 
disposing the first electrolyte layer between the electrode 
layers; and 

disposing the first electrode layer between the electrolyte 
layers; 

•awangmg-tha-alectr^^ 

portions such that the first electrode layer has an end portion 
protruding at a first end of the stack, and the second electrode 
layer has an end portion protruding at a second end of the stack; 
and 

compressing the stack to substantially thin each layer, to extrude a 
portion of the first and second electrode layers at the first and 
second ends of the stack, respectively, and to merge portions of 
the electrolyte layers. 

5. The method of claim 4, further comprising the steps of: 
forming a stack combination by combining multiple stacks ; 
compressing the stack combination to electrically connect extruding 

portions of electrodes having similar polarities from the multiple 

stacks. 
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6. A method for forming a composite battery, comprising the steps 

of: 

forming a cell stack, comprising the steps of: 
providing an anode layer; 
providing a cathode layer; and 

providing an electrolyte layer interposed between the anode 
layer and the cathode layer; and 
compressing the cell stack such that the anode layer, the cathode 
layer, and the electrolyte layer are thinned. 

7. The method ofelaim 6, Vxie'rein the steps of providing an anode 
layer, providing a cathode layer, providing an electrolyte layer, comprise 
the step of providing an anode layer, a cathode layer, and an electrolyte 
layer with substantially similar mechanical properties. 

8. The method of claim 6, wherein the step of compressing the cell 
stack, comprises the step of applying a rolling process to the cell stack to 
thin the layers of the cell stack. 

9. The method of claim 7, wherein the step of providing an 
electrolyte layer, comprises the step of providing an electrolyte layer 
comprising an ionically conducting polymer having inert solids disposed 
therein. 
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10. A composite battery, comprising: 
a plurality of cells, each cell comprising: 

an anode layer having an extruding portion; 

a cathode layer having an extruding portion ; 

an electrolyte layer disposed to separate the anode and cathode 
layers; 

the cells being successively stacked such that the extruding portions 
of the anode layers are in contact, and such that the extruding 
portions of the cathode layers are in contact. 
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